INTRODUCTION
============

The postoperative mortality rate of elective surgery for non-ruptured abdominal aortic aneurysm (AAA) has been reported to be less than 5%.[@B1],[@B2] And, it has been reported that if the diameter of AAA is more than 5.5 cm, the risk of rupture of AAA is increased; if the diameter of AAA is more than 6.5 cm, the risk of rupture of AAA is greatly increased.[@B3] Despite significant improvements in surgery, anesthesia, and postoperative critical care, the mortality rate of ruptured AAA (RAAA) has not changed substantially over the last two decades.[@B4],[@B5] According to most reports,[@B3],[@B6],[@B7] the postoperative mortality rate of RAAA has remained at 40-50%, reaching 75-90% if deaths occurring before patients\' arrival at the hospital are included. The primary causes of death in patients undergoing emergency repair of RAAA, in most reports, are massive hemorrhage, cardiorespiratory dysfunction, and acute renal failure (ARF).[@B8] With respect to the high mortality rate of RAAA, Scarcello, et al.[@B4] asserted that time before shock was the most important predictor of the postoperative mortality for RAAA, while Davies, et al.[@B8] reported postoperative renal replacement therapy (RRT) as an independent risk factor of RAAA, and Halpern, et al.[@B9] argued that loss of consciousness, preoperative hemoglobin level, preoperative and intraoperative systolic blood pressure, intraoperative urine output, intraoperative blood loss, and intraoperative transfusion were risk factors of the mortality of RAAA. Similar to these, various authors have reported different factors as risk factors of the postoperative mortality of RAAA.[@B4],[@B8],[@B9] Therefore, we evaluated patients who underwent surgery of RAAA to define factors associated with the postoperative mortality of RAAA. This research was approved by the Institutional Review Board of our institute.

MATERIALS AND METHODS
=====================

A retrospective review of 34 patients, who were diagnosed with RAAA and underwent open repair at our hospital between January 1999 and December 2008, was performed using their medical records. There were 246 patients who were diagnosed with AAA during this period. Among 246 patients, 43 patients were diagnosed with RAAA, but we excluded 9 patients that had expired in the emergency room (ER) before they underwent repair of RAAA. All open repairs of RAAA for the 34 patients during this period had been performed by surgical staff with vascular specialty and anesthesia staff with anesthesia specialty. To maintain hemodynamic status prior to surgery, we made an effort to conduct prompt diagnosis and recovery from a shock state by fluid resuscitation and transfusion with plasma components in principle. We divided factors associated with the postoperative mortality of RAAA into preoperative, intraoperative, and postoperative factors. The preoperative factors included age, sex, history of smoking, comorbidities \[ischemic heart disease (IHD), diabetes mellitus (DM), hypertension, stroke, chronic renal failure (CRF), chronic obstructive pulmonary disease (COPD)\], serum creatinine, hemoglobin, shock, pulse rate, and time from ER to operation room (OR). Shock meant circulatory shock defined as a systolic blood pressure \<80 mm Hg upon hospitalization before the procedure.[@B10] The intraoperative factors included blood loss, transfusion, aortic clamping site, aortic clamping time, characteristics of AAA (site, etiology, and shape) by standards for reporting,[@B11] rupture type,[@B11],[@B12] involvement of the internal iliac artery (IIA), type of rupture, type of graft, sacrification of the IIA, hourly urine output (HUO), and operation time. We checked the amount of blood loss by counting the amount of blood collected in a suction bottle during the operation. Rupture types were defined according to the Fitzgerald classification where A type included intramural bleeding or a small hematoma, B type included a hematoma below the renal arteries and including the pelvis, C type comprised a hematoma extending above the renal arteries and into the pelvis, and D type comprised free blood in the peritoneal cavity.[@B12] The postoperative factors included inotropic support, RRT, reoperation, bowel ischemia, multiple organ failure (MOF), and intensive care unit (ICU) stay. MOF involved renal failure, hepatic failure, pulmonary failure, and heart failure. The mortality rate was divided into postoperative 2-day and 30-day mortality rates. We also analyzed the 2-day and the 30-day mortality rates separately. There was no patient that received endovascular abdominal aneurysm repair (EVAR) for RAAA. Among 34 patients, 29 patients had been referred from other hospitals to the ER of our hospital for repair of RAAA, and 5 patients had been diagnosed in RAAA at the ER of our hospital without previous diagnosis of AAA. So, we have no information about AAA before rupture for 34 patients. Statistical analysis was done by Chi-square test, Fisher\'s exact test, and logistic regression using the SAS system for Windows, version 8. At first, we performed univariate analysis for the association of postoperative mortality and factors. Factors found to be significant on univariate analysis were entered into a multivariate analysis. *p*-values \<0.05 were considered statistically significant. Data were presented as mean±standard deviation.

RESULTS
=======

For the 34 patients who underwent open repair of RAAA, the mean age was 70.0±7.8 years. The sexual distribution was 27 male patients (79.4%) and 7 female patients (20.6%) ([Table 1](#T1){ref-type="table"}). Comorbidities consisted of hypertension in 23 patients (67.6%), DM in 5 patients (14.7%), and IHD in 4 patients (11.8%) ([Table 1](#T1){ref-type="table"}). The level of preoperative serum creatinine (mg/dL) was 1.80±1.13, the level of preoperative hemoglobin (g/dL) was 10.19±2.18, the time from ER to OR (min) was 133.52±39.54, the amount of intraoperative blood loss (L) was 4.63±3.86, the amount of intraoperative transfusion \[packed red blood cells (PRBC)\] (u) was 12.18±9.00, the intraoperative aortic clamping time (min) was 78.53±30.45, the HUO (mL) was 107.76±57.16, and the operation time (min) was 294.12±68.23 ([Table 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). The main reason of massive bleeding during surgery was coagulopathy, and the other reasons included intraperitoneal rupture before aorta clamping and anastomosis site bleeding. The postoperative mortality rates were 14.7% (5 patients) for the 2-day mortality rate and 41.2% (14 patients) for the 30-day mortality rate ([Table 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}).

On univariate analysis of the association of the 2-day mortality and factors associated with the postoperative mortality of RAAA, preoperative shock was statistically significant (*p*=0.038) ([Table 1](#T1){ref-type="table"}), and 4 out of 13 patients with shock expired. All preoperative factors except for shock were statistically insignificant (*p*\>0.05) ([Table 1](#T1){ref-type="table"}). Among intraoperative factors, intraoperative transfusion was statistically significant (*p*=0.031) ([Table 2](#T2){ref-type="table"}). In total, 5 of 18 patients with transfusion (u) of more than 10 expired. HUO was statistically significant (*p*=0.019) ([Table 2](#T2){ref-type="table"}), and 4 of the 10 patients with HUO (mL) of less than 100 expired. Blood loss, aortic clamping site, aortic clamping time, characteristics of AAA, type of rupture, Fitzgerald classification, sacrification of IIA, type of graft, and operation time were statistically insignificant (*p*\>0.05) ([Table 2](#T2){ref-type="table"}). Rupture types of all 34 patients were retroperitoneal ruptures ([Table 2](#T2){ref-type="table"}). According to Fitzgerald classification, 11 of 34 patients were B type, and the other 23 patients were C type ([Table 2](#T2){ref-type="table"}). Among postoperative factors, inotropic support was statistically significant (*p*=0.022) ([Table 3](#T3){ref-type="table"}), and 5 of 17 patients with inotropic support expired. Also, 5 of 14 patients with MOF expired, and MOF was found to be statistically significant (*p*=0.007) ([Table 3](#T3){ref-type="table"}). RRT, reoperation, bowel ischemia, and ICU stay were statistically insignificant (*p*\>0.05) ([Table 3](#T3){ref-type="table"}).

On multivariate analysis of the association of the 2-day mortality and factors found to be significant on univariate analysis, preoperative shock (*p*=0.049), postoperative inotropic support (*p*=0.002) and postoperative MOF (*p*=0.001) were statistically significant ([Table 4](#T4){ref-type="table"}).

On univariate analysis of the association of the 30-day mortality and factors associated with the postoperative mortality of RAAA, among preoperative factors, serum creatinine was statistically significant (*p*=0.030) ([Table 1](#T1){ref-type="table"}). Seven of 10 patients with serum creatinine (mg/dL) of more than 2.0 expired. All preoperative factors except for serum creatinine were statistically insignificant (*p*\>0.05) ([Table 1](#T1){ref-type="table"}). Among the intraoperative factors, transfusion was statistically significant (*p*=0.012) ([Table 2](#T2){ref-type="table"}). Eleven of 18 patients with transfusion (u) of more than 10 expired. As 6 of 7 patients with suprarenal aortic clamping expired, aortic clamping site was found to be statistically significant (*p*=0.011) ([Table 2](#T2){ref-type="table"}). Also, 8 of 10 patients with HUO (mL) of less than 100 expired, and HUO was statistically significant (*p*=0.006) ([Table 2](#T2){ref-type="table"}). All other intraoperative were statistically insignificant (*p*\>0.05) ([Table 2](#T2){ref-type="table"}). Among the postoperative factors, inotropic support was statistically significant (*p*=0.005) ([Table 3](#T3){ref-type="table"}). Eleven of 17 patients with inotropic support expired. Eight of 11 patients with RRT expired, and RRT was statistically significant (*p*=0.012) ([Table 3](#T3){ref-type="table"}). All 14 patients with MOF expired, and MOF was statistically significant (*p*\<0.001) ([Table 3](#T3){ref-type="table"}). All other postoperative factors were statistically insignificant (*p*\>0.05) ([Table 3](#T3){ref-type="table"}).

On multivariate analysis of the association of 30-day mortality and factors found to be significant on univariate analysis, intraoperative aortic clamping site (*p*=0.004), postoperative RRT (*p*=0.001) and postoperative MOF (*p*\<0.001) were statistically significant ([Table 4](#T4){ref-type="table"}).

The causes of death for the 5 patients that expired within 2 days after open repair of RAAA were bleeding in 3 patients and acute myocardial infarction (MI) in 2 patients ([Table 5](#T5){ref-type="table"}). The causes of death for the 14 patients that expired within 30 days after open repair of RAAA were bleeding in 4 patients, acute MI in 4 patients, acute respiratory distress syndrome in 3 patients, ARF in 2 patients, and stroke in 1 patient ([Table 5](#T5){ref-type="table"}). We diagnosed acute MI as the cause of death according to the symptoms of the patients, as well as changes in rhythms on electrocardiography (ECG) and elevations of cardiac enzymes. No patient died of the abdominal compartment syndrome.

DISCUSSION
==========

The postoperative mortality rate of RAAA has been reported as 40-50% in most reports.[@B2]-[@B6],[@B13],[@B14] Despite several advances in diagnostic imaging as well as intraoperative and postoperative critical care, the postoperative mortality rate of RAAA has not changed substantially over the last two decades.[@B5],[@B13] According to Korean reports, the postoperative mortality rates of RAAA have been reported as 36% by Kim, et al.,[@B2] 17.1% by Cho, et al.,[@B3] and 36.8% by Beah, et al.[@B14] However, Cho, et al.[@B3] explained that the reason their mortality rate was relatively low was because there was no free peritoneal ruptures of AAA.

In our study, we divided postoperative mortality into 2-day and 30-day mortality rates, and analyzed these separately. Our results showed that the 2-day mortality rate was 14.71%, and the 30-day mortality rate was 41.18%. These results were comparable to those of other reports.[@B2]-[@B6],[@B13],[@B14] In our study, we performed separate analysis of the 2-day mortality to find factors directly associated with postoperative mortality during the earlier and more critical period after open repair of RAAA, as we conjectured that 2-day mortality would more directly reflect the influences of factors, such as preoperative status and intra- and post-operative bleeding, on postoperative mortality in earlier periods than the 30-day mortality. Also, we thought that 30-day mortality would better reflect the influences of factors on postoperative mortality in the recovery period than the 2-day mortality rate. In our study, preoperative shock, postoperative inotropic support and postoperative MOF were significantly related with 2-day mortality, suggesting that the patients who could not recover from shock during surgery died. As for the 30-day mortality, intraoperative aortic clamping site, postoperative RRT and postoperative MOF demonstrated significant correlation. This suggested that even though the patients survived the shock of the emergency surgery, renal dysfunction, probably caused by renal ischemia, became the main cause of death. Accordingly, we think that there were meaningful differences in the factors related with mortality between 2-day and 30-day mortality.

Much research has been performed in an attempt to define factors associated with the mortality of RAAA.[@B2],[@B3],[@B6],[@B8],[@B9],[@B13]-[@B19] In the literature,[@B2],[@B3],[@B6],[@B8],[@B9],[@B13]-[@B19] age, sex, comorbidities (CRF, COPD, IHD etc.), hemodynamic status, cardiac arrest, postoperative care, complication, volume of surgeons, and specialty are reported to be significantly associated with the postoperative mortality of RAAA. Cho, et al.[@B3] suggested that intraoperative transfusion and renal dysfunction, such as intraoperative oliguria (\<200 mL), consistent anuria, and postoperative increase of serum creatinine (\>2.0 mg/dL), were significant risk factors associated with the postoperative mortality of RAAA. Davies, et al.[@B8] reported that RRT was a significant risk factor of the postoperative mortality of RAAA, and Beah, et al.[@B14] suggested that preoperative cardiac arrest was a significant risk factor of the postoperative mortality of RAAA. Rutledge, et al.[@B15] reported that age was an important risk factor, as a mortality rate of more than 50% for patients older than 65 years was recorded in research of 1480 patients. Boyle, et al.[@B17] suggested that age, ischemic electrocardiography (ECG), hemoglobin, serum creatinine, and loss of consciousness were preoperative risk factors. Sinicrope, et al.[@B19] asserted that postoperative renal failure was the most important predictive factor of mortality. In such situations, the causes of renal failure are mostly a decrease in renal perfusion and renal ischemic change due to hypotension and decreases in systemic blood volume from massive bleeding, and other causes could include the use of contrast dye and intraoperative suprarenal aortic clamping.[@B3]

In our study, we divided the factors associated with the postoperative mortality of RAAA into preoperative, intraoperative, and postoperative factors. On multivariate analysis, preoperative shock, postoperative inotropic support and postoperative MOF were significantly associated with the postoperative 2-day mortality, while intraoperative aortic clamping site, postoperative RRT, and postoperative MOF were significantly associated with the postoperative 30-day mortality. During both the earlier, more critical period (\<2 days) and the recovery period (\<30 days) after open repair of RAAA, MOF was a significant risk factor. During the earlier, more critical period (\<2 days), preoperative shock and postoperative inotropic support were especially a significant risk factor. During the recovery period (\<30 days), intraoperative aortic clamping site and postoperative RRT were significant risk factors. We think that postoperative inotropic support, postoperative RRT, and postoperative MOF are mostly due to ischemic changes and coagulopathy caused by systemic and renal hypoperfusion due to hypovolemic shock, based on the massive hemorrhaging seen in RAAA patients, and suprarenal aortic clamping can also lead to renal hypoperfusion and ischemia. In the literature,[@B2],[@B3],[@B9],[@B13]-[@B18] preoperative factors were the ones most frequently suggested as risk factors of the postoperative mortality of RAAA. However, our report outlines significant relationships among preoperative, intraoperative, and postoperative factors in the postoperative mortality of RAAA.

Based on the risk factors mentioned above, there have been many efforts to decrease the postoperative mortality of RAAA.[@B2]-[@B4],[@B6],[@B14],[@B20]-[@B22] Kim, et al.,[@B2] Scarcello, et al.[@B4] and Beah, et al.[@B14] asserted that operations should be performed as soon as possible before preoperative cardiac arrest develops. Cho, et al.[@B3] reported the importance of a prompt diagnosis and recovery from a shock state by fluid resuscitation and transfusion, and they suggested that the rapid infusion system could be useful in this situation. Spinella, et al.[@B20] and Gonzalez, et al.[@B21] asserted the usefulness of \"early plasma transfusion\" or \"hemostatic resuscitation\" in massively hemorrhaging patients with equal ratios of fresh frozen plasma (FFP) to PRBC, and they suggested early plasma transfusion as a volume expander as well as a primary means for preventing coagulopathy. Mell, et al.[@B6] demonstrated a marked decrease in mortality (15%) in RAAA patients who received equivalent transfusions of FFP : PRBC (high FFP), and the mortality of the group transfused at ratios similar to the traditional resuscitation ratios of 1 unit FFP : 3-4 units PRBC (low FFP) was markedly higher (39%), which was similar to the mortality rates of many published RAAA series. They also suggested that early plasma transfusion might correct coagulopathies from massive hemorrhages, resulting in greater oncotic pressure in the immediately postoperative period and a decrease in hypoperfusion, which, therefore, could decrease mortality.[@B6] As another theory, permissive hypotension is a method used to decrease the risk of uncontrolled hemorrhaging.[@B22] This method is a technique in which enough volume is given to maintain a systolic blood pressure of 80-100 mm Hg until aortic control is achieved.[@B22] The goal of this technique is to prevent an increase in blood pressure from excessive volume administration in order to avoid uncontrolled hemorrhaging by converting a contained retroperitoneal hemorrhage into a free intraperitoneal hemorrhage.[@B6] In these methods, the authors made an effort to perform prompt diagnosis and recovery from a shock state by fluid resuscitation and transfusion with high FFP. We mostly did not perform the permissive hypotension; however, we had several experiences with deaths that were thought to be due to the conversion of a contained retroperitoneal hemorrhage into a free intraperitoneal hemorrhage due to excessive volume administration. Therefore, we feel that we need to perform the permissive hypotension technique in the future.

Additionally, different operation techniques have been reported.[@B23]-[@B27] Chang, et al.[@B23] suggested the retroperitoneal approach for a postoperatively early recovery. The first series describing endovascular RAAA repair (REVAR) by Ohki and Veith[@B24] from the Montefiore group included 12 patients treated with a custom-made stent graft, with a mortality rate of only 12%, suggesting that REVAR could potentially improve the traditionally high mortality rates associated with open repair. Since then, the dissemination of endovascular technology has allowed centers to offer EVAR to a wide range of patients with more complex anatomy, and to perform EVAR as the first line of treatment for RAAA in many cases.[@B25] Mehta, et al.[@B26] reported that they achieved a mortality rate of 18% with emergent endovascular repair of hemodynamically stable and unstable patients. Davenport, et al.[@B27] asserted that the performance of EVAR in RAAA patients with favorable anatomy could potentially result in lower morbidity and decreased transfusion requirements, as compared with open repair. However, the present authors have not yet introduced EVAR for RAAA.

In conclusion, minimizing preoperative shock, intraoperative suprarenal aortic clamping, postoperative inotropic support, postoperative RRT, and postoperative MOF is imperative to minimizing the postoperative mortality of RAAA, according to our study. To do so, prompt diagnosis, operation, and securing proper blood flow to minimize massive hemorrhages and coagulopathies are most important. So, in the preoperative period, prompt diagnosis, quick recovery from a shock state by fluid resuscitation and transfusion with high FFP, and permissive hypotension to maintain the hemodynamic status prior to surgery need to be performed. In the intraoperative period, operative control of bleeding, maintenance of systemic perfusion, and infrarenal aortic clamping in infrarenal RAAA, regardless of neck length, as a possible means to avoid additional renal ischemic changes are vital. Of course, suprarenal aortic clamping in juxtarenal or suprarenal RAAA is obligatory. In the postoperative period, critical and proper care for maintenance of systemic perfusion and recovery of organ function must be undertaken.
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Univariate Analysis of Preoperative Risk Factors Associated with Postoperative Mortality of RAAA
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n, number; yr, year; M, male; F, female; IHD, ischemic heart disease; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; HTN, hypertension; CRF, chronic renal failure; Cr, creatinine; Hb, hemoglobin; PR, pulse rate; ER, emergency room; OR, operation room; RAAA, ruptured abdominal aortic aneurysm.

^\*^Circulatory Shock, systolic blood pressure \<80 mm Hg at hospitalization (before procedure).[@B10]
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Univariate Analysis of Intraoperative Risk Factors Associated with Postoperative Mortality RAAA
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n, number; L, liter; u, unit; min, minute; a, artery; inv, involve; HUO, hourly urine output; Op, operation; RAAA, ruptured abdominal aortic aneurysm.
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Univariate Analysis of Postoperative Risk Factors Associated with Postoperative Mortality of RAAA
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n, number; RRT, renal replacement therapy; MOF, multiple organ failure; ICU, intensive care unit; RAAA, ruptured abdominal aortic aneurysm.

###### 

Multivariate Analysis of Risk Factors That Were Significant in Univariate Analysis of Risk Factors Associated with Postoperative Mortality of RAAA
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Cr, creatinine; u, unit; HUO, hourly urine output; y, yes; RRT, renal replacement therapy; MOF, multiple organ failure; RAAA, ruptured abdominal aortic aneurysm.

###### 

Causes of Deaths of the Patients that Underwent Open Repair of RAAA
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n, number; MI, myocardial infarction; ARDS, acute respiratory distress syndrome; ARF, acute renal failure; RAAA, ruptured abdominal aortic aneurysm.
